University of Cambridge (1953 Cambridge ( -1967 In 1953 Richard was appointed as a university demonstrator in the Department of Experimental Psychology at Cambridge. He was made a lecturer in 1958 and became a Fellow of Corpus Christi College in 1962. He conceived, established and directed the Special Senses Laboratory, for work in vision and hearing, which received generous US grant support under the Apollo programme. In conjunction with the USAF (in which he held the rank of Colonel), he worked on the perceptual problems that astronauts were expected to face when weightless, docking and walking in space, and in the utterly unfamiliar environment of the moon. For this work he built a space simulator in the new laboratory, which consisted of an 'electric railway' in a dark corridor, linked to electronically generated displays, and a swing with a similar linkage, to investigate size perception in moving observers under space conditions.
During his time at Cambridge, Richard developed a theory of nerve deafness, and devised a new type of hearing aid to help with the problem; sadly, it only worked well in the absence * Numbers in this format refer to the bibliography at the end of the text. of noise. During this period he collaborated with Violet Cane on neural noise in ageing, with Oliver Zangwill on the autokinetic effect, with Richard Warren on verbal transformations, with Stuart Anstis on the motion aftereffect, and with Helen Ross on weight illusions. These are all described in Concepts and mechanisms of perception (9). In Cambridge, partly in the context of his research on possible distortions of space, Richard became increasingly interested in visual illusions. He conceived the idea that most illusions are not simply perceptual defects; they are the product of atypical errors in the operation of mechanisms that normally result in appropriate interpretation of the information from the eyes. In particular, he proposed a novel theory that many familiar geometric illusions of space and size are caused by the inappropriate operation of size constancy (the reduced variation in the apparent sizes of objects with distance from the observer). This theory, 'Inappropriate constancy scaling', influenced much of his subsequent thinking, and it continues to be debated and tested. Richard was a charismatic teacher, communicating science through 'hands-on' demonstrations in his undergraduate perception classes.
Recovery from blindness
Between 1959 and 1960 Richard and his colleague Jean Wallace investigated a man (known only as S.B.) who had been blind from early infancy because of corneal opacities (1). At the age of 52 he had successful corneal transplants on both eyes, in late 1958 and early 1959. These restored his sight, at least in terms of visual optics. The questions that interested Richard had long intrigued philosophers and psychologists: would S.B. be able to make sense of what his retina was presenting to his brain? S.B. was an intelligent man who had devoted much time to imagining the sighted world. He was adept at using his hands to make things, and had learned by touch the shapes of numbers and (capital) letters. When the bandages were removed, S.B. did not initially see a world of objects, but within days he could walk along hospital corridors without contacting the walls, and could tell the time from a large wall clock, having previously had a pocket watch with no glass with which he could tell the time by touch. He was able to name many objects from their characteristic features, which he knew from touch, from familiarity with toys and models, or from the reports of sighted people. His perception of distance was peculiar: he thought he could touch the ground beneath his window with his feet, although the distance down was at least ten times his height. He could, however, judge sizes and distances quite accurately if he knew them by touch or by walking. S.B. made a series of drawings of buses at intervals during his recovery period. Initially these only included features he would have known from touch, such as the insides of window frames. Over time these became more realistic; but even after a year he could not draw the front of a bus, as he had never touched it. Interestingly, S.B. was insensitive to visual illusions. Richard concluded that there is a knowledge base which is available to all the senses, but that in the case of S.B. this transfer was difficult and at best only partial. In particular, his 3-D vision had not developed properly. Richard was at pains to point out that recovery of sight in adulthood is quite different from visual learning in childhood; a child starts with no knowledge from experience and acquires competence progressively over time (9, 19) .
The ending of S.B.'s story is sad. He became unhappy with the drabness and shabbiness of the world, and became increasingly depressed. The new visual world confused him and, whereas formerly he would cross a road confidently waving his stick, he was now terrified, and 'it took two of us, on either side, to force him across'. S.B. gave up active life, and died in August 1960. 
Inventions
Richard was a prolific inventor of mechanical and optical devices. Many of these were specifically concerned with the study of vision, but others had a more general applicability. Perhaps the most famous of these was the solid image microscope, developed in Cambridge with the help of Peter Donaldson. In general, microscope objective lenses have a single shallow plane of focus, making it difficult to visualize or reconstruct the three-dimensional form of solid objects, or structures such as neurons in thick tissue sections. Richard's answer to this was to move the focal plane of the microscope's objective lens up and down through the thickness of the specimen at a speed higher than the eye's fusion frequency (about 30 Hz) so as to produce in-focus images at all depths. On its own this will only produce a blur, as the images merge with each other. Richard realized that, if the plane of the observed image is moved in depth in synchrony with the movement of the specimen plane, then the image will appear clear, and in three dimensions.
Early versions of the microscope employed gigantic tuning forks (Figure 1 ), synchronized to the mains frequency (50 Hz) by magnetic coils (8, 9) . These were employed to move both the microscope objective, and the receiving screen. Later versions used standard moving coil vibrator units for the microscope lens, in conjunction with a screen with a spiral depth profile rotating at 50 Hz, so that the images from the vibrating lens appeared at different depths from the observer. Another variant was to view the image via vibrating eyepieces. All of these devices worked to some degree, but there were many problems, including poor image contrast and the difficulty of finding a lens with both a narrow depth of field and a long working range. The solid image microscope was not produced commercially, mainly because the now ubiquitous confocal microscope, which uses a scanning spot technique, was being developed at the same time. In 1960 Richard received the Waverley Gold Medal for inventing the solid image microscope.
A second important invention was a device for improving the performance of telescopes when imaging objects through atmospheric turbulence. This and other devices were developed with Steven Salter, a talented young engineer who joined Richard's group. The problem here was that the atmosphere produces unpredictable image distortions, making it impossible to obtain clear photographs with exposures long enough to produce a distinct image on photographic film. Richard's solution was ingenious. He first obtained a negative of the intended image using a long exposure: this represented an average view over time, blurred by atmospheric distortions. He then compared instantaneous positive images from the telescope with this average negative already obtained. When the instantaneous positive corresponded best with the negative, the amount of light reaching a photocell behind the negative would be at a minimum, and every time this happened a photographic shutter would open briefly to expose the film. In this way, a clear image could be built up of multiple exposures that always represented the closest approximation to the average view. This is pre-computational autocorrelation. This device, named ARID, worked well in bench tests (3) and was tested with small astronomical telescopes. Later, the device was used with the 61-inch reflector of the Lunar and Planetary Laboratory in Tucson, Arizona, where it performed well. The main problem that remained was to ensure accurate tracking by the telescope over time, a problem not entirely solved when Richard wrote the project up in 1974 (9). The 'lucky imaging' technique, now commonly used in astronomy, is based on the same principles as Richard's ARID device.
Other inventions made during Richard's time at Cambridge included a multipurpose device for studying visual perception and making measurements of depth in visual illusions (Pandora's Box), a photometer for comparing lights of different colours, and a threedimensional drawing apparatus, the 'Stereoscribe'. These are all described in the volume of collected papers from his Cambridge years that he published in 1974 (9).
Illusions and hypotheses
'The brain's task is not to see the retinal image, but to relate signals from the retina to objects of the external world' (19). On this view, establishing the identity of an object requires a match between information from the eye and a pre-existing representation of that object in the brain. Having built up a large repertoire of such representations during childhood, the brain has the task of selecting the correct one in a fraction of a second. In Richard's view we often have too little information in the image to make this identification with certainty. 'The essential problem of the brain to solve is that any given retinal image could be produced by an infinity of sizes and shapes and distances of object, yet normally we see just one stable object' (19). Mistakes do occur -most of us have had the experience of misidentifying a friend in the street, only to find out that they were someone else -but such events are relatively uncommon in adulthood. A central idea in Richard's thinking is that, because of the lack of certainty, perceptions are essentially hypotheses: the best conclusions that can be drawn from the evidence available at the time (11). Richard points out that, as in science, hypotheses are risky, as they are predictive and go beyond the sensed evidence. They are nevertheless vital, as un-interpreted images are of no use in formulating behaviour. His account is, by his own admission, derived largely from the work of Hermann von Helmholtz a century earlier (Helmholtz 1910). In Helmholtz's view perceptions are 'inductive conclusions unconsciously formed'. Both Helmholtz and Richard pointed out the similarity of this aspect of perception to the progress of science by hypothesis and experiment.
Richard used ambiguous figures, such as the Necker Cube (Figure 2a) , to make the point that, when there is nothing to decide between equally probable hypotheses, the perceptual system alternates between them. With the Necker Cube there is no evidence to indicate which large square is the front and which the back of the cube, and the two interpretations swap over every few seconds. Interestingly, if the cube is drawn in perspective ( Figure 2b ) one square is now larger than the other, so there is evidence that one face is in front of the other, provided the assumption is made that the figure remains a cube. When the percept flips, so that the smaller square is in front, the perceived shape changes from a cube to a truncated pyramid. The perceptual system has come up with another, more valid, hypothesis about the image, but one that does not require the structure to be a cube as this would now violate rules of perspective geometry, which, it seems, are part of our perceptual equipment.
Another particularly striking example of a hypothesis gone wrong is the hollow mask illusion. In the version of it here (Figure 3 ), a plaster impression is made of a party mask, creating a hollow version of the mask's face. If the hollow face is lit from below, then, from a distance of a metre or more (where cues about the true shape are relatively poor), its features so closely resemble those of a normal face, lit from above, that it is accepted as such. Richard argued that this similarity of interpretation relies on familiarity with real faces, in which all the features (noses, lips, etc.) have the same patterns of convexity or concavity. If the viewer then walks sideways past the masks while looking at the faces, the tip of the normal mask's nose moves to the right (relative to the rest of the mask) as the viewer moves left; the mask appears stable in space, and looks entirely normal. The hollow mask, however, does something quite peculiar. Its nose appears to rotate in the same leftward direction as the viewer's motion around it, but at twice the angular speed: the direction of the mask's nose is always ahead of the direction of the viewer's line of sight (Figure 3b ). The question for the perceptual system is: how could the hollow mask's outward-pointing nose (as the viewer believes it to be) appear to move to the left? The answer is that it could not do otherwise. If a feature pointing outwards from a rigid surface appears to move in the same direction as the observer, it can only do so if that surface is, itself, moving, and geometry shows that in this case the angular amplitude of its movement must be twice that of the observer. Richard's conclusion was that the perceptual system, given two possible hypotheses (hollow face or rotating face) makes the 'wrong' choice, because of the overwhelming evidence from familiarity with face structure. The brain sticks to its belief that the face is convex and must therefore conclude that it is rotating. As one approaches the masks, at distances closer than about a metre the balance of evidence changes. Stereoscopic vision makes the concave nature of the hollow mask apparent, and textural features confirm this. When the mask is perceived as hollow it no longer behaves paradoxically when the observer moves past it, and normality returns. The version of this illusion illustrated by Gregory involves a single rotating two-sided mask (of Charlie Chaplin), viewed by a stationary observer (19). The remarkable feature of these demonstrations is that the motion of the hollow mask is so unexpected: no thinking is involved; it is simply that the perceptual machinery executes the only logical course of action open to it. 'Real' Necker Cubes, made of wire in three-dimensional space, show the same phenomenon. When the near face is seen to be the front face nothing unusual happens when the viewer moves, but when the faces reverse the cube rotates paradoxically, as with the hollow mask.
Perhaps the best example of the hypothesis-generating powers of the perceptual system is the Kanizsa triangle. Here the brain takes clues from the gaps in the sides of the real triangle and the cut-out circles to infer the presence of an occluding triangular surface, and it puts one there ( Figure 4) . Remarkably, this non-existent triangle appears brighter than the background. Since the white triangle is not on the retina, Richard proposed that it comes from a 'top-down' process that understands about occlusion (19).
Richard's emphasis on 'top-down' influences in perception, and his idea that perception relies on internal hypotheses against which evidence from the eye is checked, anticipated current trends in sensory science, where the concepts of 'Bayesian priors' and 'predictive coding' are dominant themes (e.g. Friston et al. 2012 ).
Indirect and direct perception
Richard's account of perception requires not only information from the retina but also knowledge-based processes: past experience, assumptions and active processing. He refers to this as an indirect or active approach. An alternative approach was advocated by the American psychologist James Gibson, who, in his book The perception of the visual world (Gibson 1950) , argued that depth and form are obtained directly from the visual image -in his terms, the 'ambient optical array'. On Gibson's direct perception account there is no obvious place for ambiguity. The changing patterns of light and dark in the optical array inform us directly about the world's structure, without the need for quizzical 'top-down' intervention. Gibson was particularly successful in working out the way in which visual cues are used in human navigation. When we move, the pattern of motion, or 'flow-field', in the optic array provides information about our direction of travel, our progress in the world, the distances of objects, and even the time it will take to reach objects ahead of us. To Gibson this kind of visual information requires little or no processing. However, as shown vividly by the hollow mask illusion (Figure 3) , the interpretation of flow (the relative change of position of points in the field) depends on prior assumptions about their relationships in space. Gibson was less successful when explaining how objects are perceived. In his later book (Gibson 1979 ) he introduced the idea of affordances. An object's affordance is what it can offer the viewer in terms of potential action. Thus, a chair or a tree stump afford sitting, an apple affords eating and so on. The idea is ingenious, as it seems to bypass the need to identify an object from its properties, proceeding straight to its uses; animals without language might well see the world in this way. However, Richard and many others found implausible Gibson's insistence that an object's affordances were solely a property of the light pattern emanating from the object itself, not involving knowledge on the part of the beholder. A tree may be timber to a woodsman or a nest site to a bird. Affordances must depend in part on the knowledge and intentions of the participant observer.
Size and distance: constancy scaling 'We suggest, then, that there are two kinds of scaling: "upwards" from depth cues, and "downwards" from seen depth' (19). When we look at an outdoor scene with objects in it, we are usually able to estimate the real sizes of the objects with reasonable accuracy, whatever their distance. This is true whether the objects are human figures of known size, or objects such as posts in the ground whose actual size is undetermined. This works because we can construct the depth profile of a landscape, so that the distances of objects in it are known, and from these distances we can determine the real size of objects and scale up the size of their retinal images accordingly. There are multiple cues for distance scaling: perspective works in urban landscapes, as does texture of the ground plane; the angle of declination from the horizontal (or from the horizon itself) can be used in flat terrain, as can the sizes of the retinal images of familiar objects, such as trees and houses, whose height is approximately known; for a laterally moving viewer, the way in which planes at different distances move relative to each other provides another cue. Any or all of these can contribute to an absolute distance scale by which retinal size can be converted to real size by unconscious geometry. These are the 'upward'-scaling mechanisms to which Richard referred. The relative sizes of objects that we perceive are not the same as the relative sizes of their retinal images. The faces of people in a room seem to have much the same size, even though they are at different distances. Road edges do not seem to converge as much to a driver as they do in a photograph, which represents perspective accurately, as does the retinal image. This apparent distortion of space can be seen in the Ponzo illusion (Figure 5 ), where two bars of the same physical length are shown in a picture at different apparent distances in a setting where there are perspective cues to distance, for example against railway tracks. The 'distant' bar further up the tracks appears longer than the 'nearer' bar: its perceived appearance has in some sense been expanded to compensate for its distance. The most dramatic, and easily repeated, demonstration of this phenomenon is 'Emmert's law' (19). An after-image of a light source -say, a frosted lamp bulb -is viewed against a patterned surface such as a tiled wall or a printed page. When the distance of that surface is altered, the perceived size of the afterimage changes, getting larger as the surface recedes and smaller as it gets closer. Since the retinal size of the after-image stays constant, post-retinal processes must be involved. In the Euclidean world, on which we base judgements of size, objects get larger as we approach them; in the world 'as seen', they can shrink. In Richard's view, the second compensatory process is evidence of a 'downward' mechanism.
Richard was particularly interested in 'perspective scaling': the way that an object's size or a line's length is directly affected by adjacent perspective cues, even when these are simply radiating lines drawn on paper. This can be seen in the Ponzo and Orbison illusions (Figure 5 ), where the bar or line appearing more distant in the perspective context appears larger or longer. The example with which Richard is most associated is the Müller-Lyer illusion, first described in 1889 (Figure 6 ). Here the perceived lengths of two identical lines are changed by the presence of angled lines at their tips. Adding lines in the form of inverted Vs makes the line appear shorter, whereas adding Y-shaped lines makes it seem longer. Many explanations have been proposed for this phenomenon, but Richard's was novel and ingenious. He supposed that the perceptual system interprets these extra lines as indicating corners. The line with the inverted Vs resembles a perspective view of an outward-directed corner, such as the external walls of a house, while the line with the Ys resembles the inward-directed corner of an inside room. An outward corner implies that the line defining the corner is nearer than the surroundings, and vice versa for the inward corner. The size-constancy mechanism of the perceptual system then adjusts the seen lengths of the lines to reflect their supposed distances. This interpretation of the Müller-Lyer illusion is widely but not universally accepted. An alternative suggestion has been that the angled lines affect the 'visual centre of gravity' of the line ends, making them appear shorter or longer. However, the perspective interpretation is consistent with other 'scaling' illusions, such as the Ponzo and Orbison ones. The implication is that the perceptual system has built-in 'templates' that recognize cues such as perspective, even when presented in skeletal forms, and use their outputs in the scaling of retinal images.
The eye in evolution
In 1962 Richard set up an expedition to the Stazione Zoologica in Naples, specifically to look for a small copepod, Copilia quadrata, which was known from the work of Sigmund Exner to have interesting scanning eyes (Exner 1891). J.Z. Young, from UCL, who worked on Octopus in Naples, hosted the expedition. Female Copilia have eyes like nothing else (Figure 7) . Each consists of two lenses: a large biconvex lens on the front of the carapace, and much further back in the body a second lens in the focal plane of the first, somewhat like a telescope. Attached just behind the second lens is a photoreceptor made of several cells, but functioning as a single unit. This second lens-receptor unit is drawn slowly laterally by a muscle and then allowed to return faster towards the animal's centre, scanning through an arc of perhaps 15°r elative to the front lens. The scanning rate is between 0.5 and 5 per second, often with long stationary pauses. The second lens on the opposite side moves in synchrony, both structures moving apart together and then towards the centre. Richard became convinced that these are single-channel eyes, which apparently work by horizontal scanning (2, 19). Copilia is unusual in that it is the female that has the eye: in some other copepods (Pontella, Labidocera) it is the male that has the better-developed eyes. However, although male Copilia are effectively eyeless, they can emit flashing lights, and it may be that these attract the females. Copilia are filter-feeders, so the presence of eyes seems to be to do with sex rather than feeding, but what information their simple scanning system supplies them with remains unexplained.
Richard developed the idea that early vision might have originated from a scanning system like that of Copilia, in which a single receptor is used to scan the surroundings, rather as the fingers are used in haptic touch to explore surfaces. He supposed that more receptors (or ommatidia) could be added to produce a multi-channel scanner, and he cited the water-flea Daphnia, whose eye has only 22 ommatidia, and is in more-or-less continuous motion (5, 15). He also made an analogy with the earliest versions of television, where images were produced by mechanical scanning.
There are a few other animals with scanning eyes (Land & Nilsson 2012), but none of these is on the main pathways leading to the compound eyes of arthropods or the single-chambered eyes of vertebrates or cephalopod molluscs. Many, perhaps most, animals move their eyes frequently, but they do this to shift gaze and take in information in the fixations between movements. Scanning implies that information is taken in during the movement itself, and this is certainly rare among existing animals. If there were, in the early seas, other animals that scanned like Copilia, we are unlikely ever to find out about them.
Edinburgh (1967-1970)
In 1967 Richard moved to Edinburgh to help set up the Department of Machine Intelligence and Perception. This became the first centre for the study of artificial intelligence in Britain and produced pioneering work in the new field. His co-founders were Donald Michie and Christopher Longuet-Higgins. Richard's view of psychology and the workings of the brain were that these were essentially engineering problems, and so he was drawn to the developing discipline of machine intelligence. He was, however, more interested in ideas than computing, and there were problems; in Richard's words 'The imagination of the University in founding the Department was not always matched by our limited tolerance of vicissitudes.' In 1970 he moved to Bristol to set up his own Brain and Perception Laboratory. It was during his Edinburgh period that Richard gave the BBC Christmas Lectures at the Royal Institution in the winter of 1967-1968. These six lectures on the subject of 'The intelligent eye' were extremely popular, and were published in 1970 as a book with that title (6), which provides the most extensive account of his views on the top-down effects of 'perceptual hypotheses'.
Bristol (1970-2010)
Richard was appointed to the Medical School at Bristol as Professor of Neuropsychology, with funding from the Medical Research Council to continue his research on the cognitive processes of perception and on illusions. He set up the Brain and Perception Laboratory, a workshop in which all his colleagues were encouraged to devise experimental apparatus. 
The Exploratory
In 1978 Richard founded the Exploratory, an extremely popular hands-on science centre in Bristol which he developed in collaboration with his colleague Priscilla Heard. Many of the prototype exhibits originated in the Brain and Perception Laboratory, with the final versions made in the Exploratory's own Duckmoor Road workshops. It began in the Victoria Rooms in Clifton, but by 1989 had moved to the newly renovated Brunel Station at Temple Meads. It closed in September 1999, when it mutated into the more lavish Explore@Bristol. The inspiration for the Exploratory came from the Exploratorium in San Francisco, set up in 1969 by Frank Oppenheimer. In both institutions the intention was to provide robust but interesting exhibits that would appeal to both adults and children. Richard called the exhibits 'plores' to emphasize exploration by 'hands-on' experience. After 15 years there were 500 such plores, covering wide areas of physiology, psychology, earth sciences, chemistry and physics. There was a very active science board, mainly consisting of Exploratory staff and local scientists, who would comment on the exhibits and help devise future ones. The scientists would collaborate with the staff to produce plores that showed particular scientific principles such as Newton's laws in an understandable and preferably amusing and non-intimidating way. Among the more intriguing were a solar-powered wave machine, and a set-up called the stradivarium, where visitors could explore the wave structure of speech and music using oscilloscopes. More than two million people visited the Exploratory during its lifetime.
From 1992 Richard helped Steve Pizzey to set up and get funding for a further public Science Centre and resource for astronomy at the former Royal Observatory site at Herstmonceux Castle in East Sussex, now part of the University of Kingston, Ontario.
Eye and brain
The book Eye and brain: the psychology of seeing is probably Richard's most abiding legacy. It is a brilliant account of visual perception, written for students of any age, and filled with experiment, conjecture and above all enthusiasm for the subject. First published in 1966 (4), when Richard was still in Cambridge, it was repeatedly updated during his Bristol years, with the fifth and final edition coming out in 1998 (19). About half the book is a standard account of visual physiology, covering light, the eye, brightness, motion and colour. The second and more interesting half deals with Richard's major preoccupations: learning to see, art and illusions.
Classifying illusions
Richard made a number of attempts to bring order into the rich but confusing world of visual illusions. As he points out in Eye and brain, because the causes of many illusions are unknown, or controversial, and appearances of some can be hard to describe, this is not a simple project. He concluded that there were four basic kinds: ambiguities, distortions, paradoxes and fictions. Ambiguities include figures such as the Necker Cube (Figure 2) or the hollow face (Figure 3) , where there are two or more possible interpretations. Simple figures such as ellipses may indeed be ellipses, but may also be circles seen in slanting perspective. Distortions include perspective illusions (Figures 5 and 6 ), in which apparently more distant lines or objects appear expanded compared with closer ones of the same objective dimensions. These can be attributed to mechanisms that attempt to maintain perceptual size by adjusting retinal size for apparent distance. Paradoxes include impossible figures of various kinds. The best known are found in the works of the artist M.C. Escher, where steps appear to ascend continuously, or the same pillars support surfaces at different levels. Some impossible figures such as the Penrose triangle (see 19) have solid sides that cannot possibly join up, and indeed do not, except when viewed from one particular angle. Fictions are illusions in which the perceptual system comes up with structures that are simply not present, such as the Kanizsa triangle During the 2000s Richard tried to produce a classification of illusions based on Bayesian theory. Although the idea seemed attractive -many illusions seem to be based on prior assumptions for which evidence is sought -there were problems. In many cases, straightforward application of Bayes' theorem produced results that were the opposite of those observed (20), and it was not clear that this line of thinking added a great deal to what could be deduced by other means.
One illusion that is particularly associated with Richard and Priscilla Heard, and which defies easy classification, is the café wall illusion, observed in Bristol by Steve Simpson on the tiles of the wall of a nineteenth-century café on St Michael's Hill (Figure 8 ). The parallel horizontal lines of mortar appear to slope alternately upwards or downwards, forming wedges. A very similar illusion had been observed before, in Germany in 1897, where it was known as the Münsterberg effect. The conditions for producing the effect are stringent. It works best when the black and white tile rows are displaced by half-a-tile width. The mortar between them has to be the right width, and must be intermediate in lightness between the black and white of the tiles (10) . The overall tilt of the lines is the result of the contributions of tilted local segments, but it is these local segments that are almost impossible to make out directly. Morgan and Moulden (1986) showed that these tilted segments can be revealed by differentiating filters with essentially the properties of 'on' and 'off' retinal ganglion cells. These pick up tilted contours where black segments abut each other, and similarly for white segments. These retinal image-processing stages are inaccessible to the viewer, which is what makes the illusion so enigmatic.
Illusion in art
In a landscape painting, the job of the artist is to convince the viewer that the flat canvas he or she is looking at is a three-dimensional scene. The artist has to overcome two main obstacles: the texture of the paint surface and the frame itself, which situate the painting at a defined close distance, and stereo vision, which has the same effect. The illusion of distance has to be created using all the remaining cues that normally combine to provide three-dimensionality in a real scene.
In Eye and brain (19) Richard points out that the image in the eye is a perspective view, and yet it was not until the Italian Renaissance in the 15th century that perspective was 'discovered'. It is not seen in ancient Egyptian paintings nor in Chinese painting. This again makes the point that what we see is not the retinal image but a representation that has been processed by the perceptual machinery. In particular, the perceived representation has had the sizes of objects adjusted to take distance into account. For a post-Renaissance artist the task is, in part, to reconstruct the retinal image, so that viewers can apply those adjustments for themselves.
In addition to Illusion in nature and art (7), Richard edited another set of essays, The artful eye (17) , published in 1995, and also wrote Mirrors in mind, published in 1997 (18).
Public science
Richard made huge contributions to all aspects of public scientific life. He made many radio and television programmes on vision and the philosophy of science, but also took part in more popular programmes such as Dial a scientist, Round Britain quiz and Desert island discs. He was elected to the Royal Society in 1992, and in the same year was awarded the Michael Faraday Medal of the Royal Society for promoting science. That was only one of many international awards, beginning with the Craik Prize for Physiological Psychology in Cambridge in 1958, and culminating in 1989 with his appointment as CBE by the Queen. In 2000 he even gave a lecture in the Vatican to the Pontifical Council. By the end of his life he had honorary degrees from nine universities, although, as he liked to point out, he had never had the time to obtain a PhD.
Honours, degrees and awards
